Abstract. In order to solve such problems as excessive enhancement and noise amplification of histogram equalization, an anti-distortion image contrast enhancement algorithm based on fuzzy statistics and sub-histogram equalization is proposed in this article on the basis of the fuzzy set theory and the histogram division thought. Firstly, the fuzzy histogram calculation model is constructed according to the fuzzy statistical property of the initial image, the membership function and the probability of the image gradation in order to obtain smoother histogram and significantly improve image color contents, brightness, etc.; then, the fuzzy histogram is divided into two sub-histograms, and the corresponding cumulative density functions are defined, and the transformation models thereof are also constructed for independent sub-histogram equalization. The experiment result has verified the feasibility and the advantages of the algorithm proposed in this article.
Introduction
In order to solve such problems as excessive enhancement and noise amplification, an anti-distortion image contrast enhancement algorithm based on fuzzy set theory and sub-histogram equalization is proposed in this article. Specifically, the fuzzy histogram is calculated according to the fuzzy statistics of the images in order to generate smoother histogram; then, the fuzzy histogram is divided into two sub-histograms according to the mid-value of the initial image, and the cumulative density functions are defined and the transformation models thereof are constructed for the independent sub-histogram equalization; finally, the visual quality of the algorithm proposed in this article is verified.
Algorithm Design
The anti-distortion image contrast enhancement algorithm designed in this article is as shown in Fig.3 . According to the figure, this algorithm includes the following four parts:
(1) Fuzzy matrix solution; (2) Fuzzy histogram calculation; (3) Histogram division and equalization; (4) Defuzzification. Firstly, the fuzzy histogram is calculated through the fuzzy set theory in order to obtain smoother histogram; then, the fuzzy histogram is divided into two sub-histograms according to the mid-value of the initial image, and the corresponding cumulative density functions are defined and the transformation models thereof are also constructed for the independent sub-histogram equalization; finally, the inverse transformation function is constructed for defuzzification in order to output the enhanced image. 
Generation of Fuzzy Matrix
The fuzzy image enhancement is realized through adopting the membership function to map the image gradation to the fuzzy plane, and aims at giving greater weight to the area with the gradation approaching to the average gradation of the image in order to generate and output the image with the contrast ratio more than that of the initial image. 
（2）
In the above models, In order to reduce image fuzzyness, the contrast intensity is introduced into the fuzzy set theory to generate new fuzzy set, and meanwhile the new membership function is also defined as follows:
Image Defuzzification
The defuzzification is realized through mapping the fuzzy plane to the gradation, thus to output the final enhanced image   
Simulation Result and Analysis
In order to test the enhancement performance of the algorithm proposed in this article, a simulation experiment is carried out in is taken as the test object in this article, because most images acquired by electronic equipment are color images. In order to more rationally evaluate the enhancement effect of these algorithms, AIC (Average Information Contents) and NIQE (Natural Image Quality Evaluator) engines are adopted in this article as the measurement indexes. If AIC value is larger and NIQE value is smaller, then the algorithm has better enhancement effect. Therein, AIC model is as follows:
In the above model,  
Pkdenotes the probability density function of the k th gradation and L denotes image gradation.
Image Enhancement Effect Comparison
The above three algorithms are adopted to enhance Fig.4(a) , and the results are as shown in Fig.4 (b) ~ Fig.4(d) . According to the figures, the algorithm proposed in this article has the best enhancement quality and can well reserve the initial image contents and details, without changing the brightness of the initial target, and the image output thereby is visually natural, as shown in Fig.4(b) . Although the comparison algorithms can well improve image contrast ratio, the enhancement quality is not ideal; as shown in Fig.4(c) , the image has color fading due to noise amplification; as shown in Fig.4(d) , the image has excessive enhancement and is visually unnatural. The reason for the good enhancement quality of the algorithm proposed in this article is as follows: the membership function of the fuzzy set theory and the probability of the image gradation are adopted in this article, and the weighting function is embedded to construct the weighted fuzzy histogram calculation model in order to obtain smoother histogram and suppress noise, and meanwhile the histogram is divided into two sub-histograms according to the image mid-value for the equalization in the whole dynamic range, thus to significantly improve the image recovery quality. For the comparison group, only the histogram equalization technology is adopted for image enhancement, so the image brightness can be easily changed. 
Conclusion
In order to solve such problems as excessive enhancement and chessboard effect, difficult image brightness keeping and distortion in the image enhancement algorithm based on histogram equalization, an anti-distortion image contrast enhancement algorithm based on fuzzy statistics and sub-histogram equalization is proposed in this article. Specifically, the fuzzy set theory is introduced therein to convert the image into fuzzy matrix; then, by virtue of the membership function and the probability of the image gradation, the weighting function is embedded to construct the weighted fuzzy histogram calculation model; then, the mid-value of the initial image is adopted to divide the fuzzy histogram into two sub-histograms, and the corresponding cumulative density functions are defined, and the transformation models thereof are also constructed; then, the inverse transformation function is established to realize defuzzification and output the enhanced image. The experimental data show: compared with the present image enhancement algorithm based on histogram equalization, this algorithm can significantly eliminate excessive enhancement and noise amplification, thus to not only have better visual enhancement quality and anti-distortion performance, but also have maximum AIC (Average Information Contents) value and minimum NIQE (Natural Image Quality Evaluator) value.
